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ATOMIC BEAM ALIGNMENT OF LIQUID CRYSTALS

Cross Reference to Related Application

“filed on May 19, 1%
U.S. Patent Application Serial No. __ [ 44174¢ ] entitled, 'METHOD AND

APPARATUS FOR FORMING AN ALIGNMENT PATTERN ON A SURFACE
USING A PARTICLE BEAM USEFUL FOR A LIQUID CRYSTAL?, the teaching

of which is incorporated herein by reference.

FIELD OF THE INVENTION

The present invention is directed to exposing a surface to a particle beam, such as an

atomic or ion beam so that the surface will act as an alignment layer for a liquid crystal

material which can be used to form a liquid crystal display cell.

BACKGROUND

Aligned liqﬁid crystals are widely used in flat panel display technology. They are

aligned by inducing anisotropy on the surface of a substrate. This surface is usually a

pdiymer such as polyimide, coated on a glass substratc' There are a number of ways

of introducing anisotropy on the surface: rubbing?, stretching a polymer?, a

Langmuir-Boldgett film*, a grating structure produced by microlithography?®, oblique

angle deposition of SiO¢, and polarized UV radiation of polymer films”. The pervasivc

method used in aligning liquid crystal displays availablc on the market today is rubbing

a polyimide film with a velvet cloth. This method has some drawbacks®. Thesc inclnde
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the debris left by the cloth during the rubbing process in an otherwise clean room
environment; concern with electrostatic discharging and its influénce on the electronic
circuitry Bel_ow the thin polyimide film; and rubbing, beiﬁg é macroscopic process,' does
not readily lend itself to aligning liquid crystals in different directions at the spatial size
of a pixel, which is usually of the order of a hundred micrometers. This local alignment
is desirable to obtain a ﬁlultidomain structure, which significantly increases the angle
of viewing of the display. The limited angle of viewing of current liquid crystal displays
is one of the limitations of this technology. We describe a new non-contact method of

aligning liquid crystals. This method circumvents the problems posed by the rubbing

technique.
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It is an object of the present invention to provide an improved method of providing a

characteristic to a surface to which liquid crystal molecules align.

It is another object of the present invention to provide such characteristic using a

particle beam, such as an atomic or ion beam.

SUMMARY OF THE INVENTION

An aspect of the present iﬁvention is a method of generating an alignment direction on
an alignment surface for é liquid crystal display cell by directing a particle beam at the
alignment surface, wherein the particlc beam is directed at the surface at an adjustable
energy, at an adjustable angle with respcct to the alignment surface and at an adjustable

time to adjust the pretilt angle of a liquid érystal molecule with tespect to the alignment

surface.



DETAILED DESCRIPTION

-

A low energy beam of Argon ions is used to boml;ard the sutface of a polyimide film.
The Argon beam produces directional aliénment when the beam is at an angle other
than perpendicular to the surface. The advantages of atomic beam induced a'I.ignment
over the other techniques are (i) non-contact alignment, (ii) a low energy beam ensures
that only the surface.layers are effected so that the number of radicals induced by
broken bonds, as for example under UV radiation, are a minimum. This avoids charge
build up when a voltage is applied across a liquid crystal cell, and (iii) large area unifofm
and parallel beams can be readily obtained; a problem with oblique deposition of SiOx
and, (iv) atomic beams are well known (o the electronics manufacturing community and
are compatible with a ‘clean room environment, (v) atomic beams can be used to align

both surfaces of a thin polymer film, which is self-supportiﬁg.

However, in spite of their many advantages, neutral beams of energetic particles can
also cause damage of the polyimide resulting in broken bonds which provide a
deleterious time dependent response in the liquid crystal when a voltage is applied o
operate the display. For this reason it is highly desirable to use a low energy beam; in -
fact, of energies comprising greater than 25 volts, rather than thc hundreds of voits
described in the literature®'%, These low energy beams modify the surface layer
sufficiently to induce alignment without any measurable degradation. We shall present

experimental data to support this conclusion.

A schematic drawing of the ion beam-system used for the purposes of this invention is
shown in Figure 1. The ion source is commercially available and the accelerating voltage

in this source could be varied from 75V to 500V. The current density, or the number



of ions, per square cm was approximately 100-500uA per sq. cm. and was one of the

variables that was investigated. The substrate, which was bombarded with the atomic

‘beam was made of glass on which indium tin oxide and polyimide films had been

deposited. Substrates containing thin film transistors covered by a polyimide film were
also investigated. A mylar film, which is self-supporting was investigated. These are
exemplary only and not limiting. These substrates were placed at various angles to the
incoming atomic beam shown in Figure 1. Argon gas was used as the plasma source.
The ion beam apparatus and its operation are well known in the semiconductor

industry.

Figure 1 shows a schematic of the physical and electrical configuration of a Ion Source.
The principals of operation are best understood by realizing that an ion source consists
of three regions. lons are generated in the discharge plasma region ( 12), accelerated

through the extraction region (6) and travel trough the beam plasma region (44).

lons are generated in the discharge plasma region (12) by electron bombardmcﬁt of
neutral gas atoms. Electrons are emitted by a hot filament, cathode (8), and accclerated
by a potential difference, Vd (20), between the cathode (8) and anode (14). This voltage
is typically about 40V, which is several times higher then the Ar ionization voltage of
15.8 €V, and is used to establish a glow discharge. Before the discharge starts, the source
body (2) is at the anode (14) potential. After the discharge starts, however, the
connecting resistor (22) allows the source body (2) and the screen grid (4) to float to the
cathode potential, directing the discharge current (o the anode. The discharge plasma
(12) establishes itself between the cathode (8), anode (14), chamber walls (16, 18, 36 and
32) and the screen grid (4). |



To extract the ion beam from the discharge plasma, we raise the anode voltage, Vanode
(26) to a positive voltage above ground. Raising the anode potential increases the plasma
potential to nearly the same value. Thus any ion leaving'tﬁe discharge plasma and
striking the grounded target (24) surface arrives with the énergy determined by the
anode potential. The accelerator grid (6) is held at a negative potential and the-ions pass
through the apertures (34) in the accelerator grid without striking it and form a
collimated beam (44), eventually striking the target (24) which is held at ground
potential (30). '

Since the substrates we use are insulating, when the ion beams hit the substrates, there
is no current path available for the electron flow to meet the incoming flux of positive
ions and the insulatin-g surface would charge positive. To eliminate this chargiﬁg, a hot
filament or neutralizer (42) is immersed in the beam plasma (44) which adequately

supplies electrons to any region of the beam or the substrate surface which would charge

positive.

After exposure to ion beams a pair of glass plates were assembled together with a five
micron spacer. The space between the two plates was evacuated and subsequently filled
with a nematic liquid crystal. It was observed that the liquid crystal was aligned by the

atomic beam in much the same way that rubbing by a cloth does.

The alignment was strong and a measure of considerable interest (o the display
technology community, called the tilt angle, was also determined as a function of the
angle, time, and energy of the beam. For active matrix liquid displays it is desirable to
have the pretilt angle be larger than a few degrees. The operation of a liquid crystal

display and tilt angle are described in U.S. application Serial No. 08/194,239 filed



February 20, 1994 and assigned to the assignee of the present invention, the teaching
of which is incorporated herein by reference. Figure 7 schematically shows substrate 54
~ of Figure 6 with the alignment directory 56 formed by the method of the present
invention with a liquid crystal molecule schematically shown as 58 which make an angle
60 with respect to surface. 62 of substrate 54. Angle 60 is the pretilt angle. We show in
Figure 2 that pretilt angle as a function of the angle 50 of the incident beam 52 with
respect to substrate 54. This is shown for two accelerating voltages. There is a
maximum in the value of the pretilt at 45 degr_ees. We show in Figure 3 that the
variation in the value of pretilt angle with time of exposure at a constant beam current.

Finally, in Figure 4 we show how the pretilt angle changes with the accelerating voltage.

It is clear from these measurements that the pretilt angle satisfies the needs of display
technology and that its variation with atomic beam' parameters such as voltage and
current are controllable. We next investigated the effects of ion beam accelerating
voltages on the temporal response of a display device under a voltage. In this crucialtest
we search for stray charge either in the polyimide or the liquid crystal cell.

As we keep the latter constant, i.e. independent of the ion beam processing paramcters
any time dependént effect we observe is associated with charge migration in the
polyimide. The results of a test carried out after a 75V ion beam alignment procedure
showed no evidence of charge accumulation whereas the results from a 200V-did. This
is-shown in Figure 5(a) and 5(b). |
These measurements clearly show that the atomic beam alignment technique can be
used to align liquid crystal displays provided the accelerating voltage is kept low. For

polyimide and argon ions this is below_ 200V.



We have found that mylar object can also be used to align li-quid crystals. A two micron
thin sheet of mylar was stretched across a rectangular frame and -both surfaces of the
mylar were exposed to a 200V beam. This mylar sheet was then sandwiched betwecn
two polyimide coated glass plates to form a paper-like display as taught in U'S.
Application Serial No. LaHssd entitled, “STACKED PARALLAX-FREE
LIQUID CRYSTA,L DISPLAY CELL", to A. Lowe filed on the same day herewith,

the teaching of which is incorporated herein by reference.

While the present invention has been described with respect to preferred embodiments,
numerous modifications, changes, and improvements will occur to those skilled in the

-art without debarting from the spirit and scope of the invention.

i

BRIEF DESCRIPTION OF THE DRAWINGS

Further objects, features, and advantages of the present invention will become apparent
from a consideration of the following detailed description of the invention when read in

conjunction with the drawing FIGs., in which:

Fig. 1 is a schematic drawing of the ion beam system used for the purpose of this

invention.

Fig. 2 is a plot of pretilt angle as a function of the angle of incidence of the incident

beam as shown in Figure 6.

Fig. 3 is a plot of pretilt angle with time of exposure to incident beam.
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Fig. 4 is a plot of pretilt angle with accelerating voltage.

Fig. 5 show the brightness vs. time of a substrate exposed according to the present

invention used in a liquid crystal cell.

Fig. 6 schematically shows a beam according to the present invention incident on a

surface of a substrate being exposed.

Fig. 7 schematically shows the pretilt angle of a liquid crystal molecule.
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CLAIMS

A method of generating an alignment direction on an alignment surface for a liquid

crystal display cell comprising:

directing a particle beam at said alignment surface;

said particle beam is directed at said surface at an adjustable energy, at an

adjustable angle with respect to said alignment surface and at an adjustable time to

adjust the pretilt angle of a liquid crystal molecule with respect to said alignment

surface.

A method according to claim 1, wherein said alignment surface is a polymer surface.

A method according to claim 2, wherein said polymer is a polyimide.

A method according to claim 1, wherein said particle beam is a beam of selected

from the group consisting of ions and neutral particles.

... A method according to claim I, wherein said particles are sclected from the group

consisting of atomic beams, ion bcams, molecular bcams, clectron beams and

elementary particle beams.

A method according to claim I, wherein said particle beam-has a value of said

adjustable energy, a value of said adjustablc angle, and a value of said adjustable
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10.

I1.

12.

- 11

time to result in said particle beam interacting only within a distance from said
surface sufficient to result in said alignment but insufficient to introduce defects in

said alignment substrate.

\-

A method according to claim 6, wherein said defects is charge stored in said

alignment substrate.
A method according to claim 1, wherein said voltage is greater than 10 volts.

A method according to claim 1, wherein said voltage is from about 50V to about

200V.

A method according to claim I, wherein said angle is from about 0° to about 90°.

A method according to claim 2, wherein said polymer is a mylar sheet.

A method of generating an alignment direction on an alignment surface for a liquid

crystal display cell comprising:

~-directing a particle beam at said alignment surface;

said particle beam is directed at said surface at an adjustable energy to adjust the

pretilt angle of a liquid crystal molecule with respect to said alignment surface;

incorporating said alignment surface in a liquid crystal display cell.
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13. A method of generating an alignment direction on an alignment surface for a liquid

crystal display cell comprising:
directing a particle beam at said alignment surface;
said particle beam is directed at said surface, at an adjustable angle with respect to
said alignment surface to adjust the pretilt angle of a liquid crystal molecule with
respect to said alignment surface;
incorporating said alignment surface in a liquid crystal display cell.
14. A method comprising: f '
directing a particle'beam at a surface at an energy, angle and for a time sufficient

to generate at said surface sufficient surface propertics to induce molecules to align

at said surface when said surface is exposed to said molecules.

15. A method of generating an alignment direction on an alignment surface for a liquid

crystal display cell comprising:
" directing a particle beam at said alignment surface;

said particle beam is directed at said surface for an adjustable time to adjust the

pretilt angle of a liquid crystal molecule with respect to said alignment surfacc;

incorporating said alignment surface in a liquid crystal display cell.

Thl Sheet Has Been Replaced

LT




13

16. A method according to claim | further including incorporating said alignment

surface in a liquid crystal display.

17. A method of generating an aTignmént direction on an alignment surface for a liquid

crystal display cell comprising:
directing a particle beam at said alignment surface;

said particle beam is directed at said surface to adjust the pretilt angle of a liquid

crystal molecule with respect to said alignment surface.
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